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ENGINEERING CHANGE NOTICE (Allen 1999a) . The purpose of this calculation is to document the final sludge volume removed from tank 241-C-106 up through September 30, 1999. Additionally, the results of an extra batch completed October 6, 1999 is included to show the total volume of sludge removed through the end of WRSS operations. The calculation of the sludge volume transferred from the tank is guided by engineering procedure HNF-SD-WM-PROC-021, Section 15.0, Rev. 3, sub-section 4.4, "Calculation of Sludge Transferred."
LIST OF TABLES
. 0 SCOPE
This calculation determines the amount of sludge transferred out of tank 241-'2-106 from the start of sluicing inNovember 1998 through sluice batch 3.2.9 completed on October 6, 1999. The sludge volume calculation uses process control procedures and strategies outline in the WRSS Process Control Plan (HNF-SD-WM-PCP-013, Rev. 2) and detailed in HNF-SD-WM-PROC-021, Section 15.0, Rev. 3. The amount of tank 241-C-106 sludge transferred to tank 241-AY-102 is measured real time during sluicing batches using the mass flow meter installed on the slurry pipeline. This instrument provides a direct measurement of the mass of slurry flowing through the pipe and its density. From these measurements, the solids loading in the slurry stream can be determined and thus the mass of solids transferred. Because the mass flow meter provides a real time direct measure of the mass transfer, it provides the initial indication of sludge removed during a sluice batch. All other methods involve measurements made after the waste has been dispersed in the large volume of waste in tank 241-AY-102 and, therefore, provide an indirect measure of the sludge transferred. Consequently, these methods serve to verify the mass transfer results determined from the initial mass flow meter data. Following are the summary calculations for the mass flow meter and other methods discussed in Section 3. This section presents the batch wise calculations detailed in HNF-SD-WM-PROC-021, Section 15.0, Rev. 3. Evaluation of the results from the different calculation methods is addressed in Section 5.
.O METHOD OF ANALYSIS
MASS TRANSFER BASED ON MASS FLOW METER
The initial volume of tank 241-C-106 sludge transferred to tank 241-AY-102 is calculated using the method described in HNF-SD-WM-PROC-021, Section 15.0, Rev. 3, sub-section 4.4.1. A summary of the initial input densities and sludge volumes calculated for each batch using the mass flow meter method is provided in Table 4 -1.
The mass flow meter calculations are based on an estimated average carrier solution density. This density is input into the Data Acquisition System (DAS) before each sluicing batch begins. The carrier solution density is used by DAS to calculate the mass fraction of solids in the slurry.
After a sluicing batch is complete, the carrier solution density is sometimes corrected based on the ENRAFTM densitometer data and grab sample data (if available). This correction is made because the carrier solution density typically does not remain constant during a sluice batch. A carrier solution density more representative of a batch from beginning to end is selected. The corrected input densities and sludge volumes for each batch are summarized in Table 4 -1. Table  4 -2 contains a sample of the calculations done to revise the mass flow meter sludge volumes based on the new input carrier fluid densities. Table 4 -3 contains a sample of the formulas used in the spreadsheet in Table 4 
MASS TRANSFER BASED ON E N R A F~~ DENSITOMETER -DENSITY PROFILE
The method used to calculate the volume of tank 241-C-106 sludge transferred to tank 241 -AY-102 using the ENRAFTM densitometer density profile data is described in HNF-SD-WM-PROC-021, Section 15.0, Rev. 3, sub-section 4.4.2. A summary of the sludge volumes calculated using the ENRAFTM densitometer density profile method is provided in Table 4 -4. The formulas used from HNF-SD-WM-PROC-021 and definitions of the terms are also provided in the table. The ENfL4FTM densitometer density profile data used to calculate the sludge volumes for each batch are provided in Table 4 -5.
MASS TRANSFER BASED ON E N R A F~~ DENSITOMETER -SEDIMENT LEVELS
The calculation ofthe volume oftank 241-C-106 solids which settle in talk 241-AY-102 is accomplished using the ENRAFTM densitometer and the calculational methods identified in HNF-SD-WM-PROC-021, Section 15.0, Rev. 3, sub-section 4.4.3. A summary of the settled solids volumes calculated for sluicing batches and/or increments is provided in Table 4 
Where:LF(,l is the final compacted solids level increase associated with the batch i transfer LM($) is the maximum settled solids level associated with the batch i transfer LI(,) is the initial solids level before the batch i transfer LF(b) is the baseline final compacted solids level increase LM(b) is the baseline maximum solids level increase METHOD 2:
Where:LF(,, is the final compacted solids level increase associated with the batch i transfer LM(,) is the maximum settled solids level associated with the batch i transfer Ll(,j is the initial solids level before the batch i transfer LFS(,) is the batch i fast settling solids level decrease L'I.S(b) is the baseline total settling solids level decrease LFS(b) is the baseline fast settling solids level decrease METHOD 3 :
Where:LF(,) is the final compacted solids level increase associated with the batch i transfer LM(i) is the maximum settled solids level associated with the batch i transfer L,(,) is the initial solids level before the batch i transfer LMedS(I) is the batch i medium settling solids level decrease LTS(b) is the baseline total settling solids level decrease LMedS(b) is the baseline medium settling solids level decrease A baseline comparison ratio is used to determine the applicability of methods 2 and 3 for a batch. This ratio is simply a comparison of the ratio of the initial solids level increase to the fast or medium settling rate solids level decrease of a batch or increment with the equivalent ratio for the baseline batch (i.e. sluice batch 1.1.1). If the ratio for a method differs significantly from 1, then that method is not used in the sediment level calculations. The solids settling behavior experienced in sluicing operations changed from sluice batches 3.1.2 and beyond. The lack of both fast and medium settling periods during these batches precluded the use of Methods 2 and 3. Consequently, only Method 1 could be applied as reflected in Table 4 -6.
In sluicing batch 3.1.2 and beyond the solids settling time was reduced by a factor of approximately two during these batches when compared to the initial sluicing operations. This increased settling rate occurred despite the fact that the liquid density had increased. The increased liquid density would have produced slower settling rates if all other factors had remained constant. From the rapid settling experienced, it can be concluded that either the particle size and/or particulate density had increased during this period.
One possible explanation for the change in solids settling behavior is that the sluicing operations initially preferentially removed the lighter/smaller particulate material which was the easiest to mobilize and maintain in suspension. As a result, the final WRSS operations encountered wastes that contained mainly the largeridenser solids which were more difficult to mobilize for transport to tank 241-AY-102.
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. Table 4 -7 summarizes the dissolved solids results for each batch through sluice batch 3.2.9, completed on October 6 , 1999. The formulas used in the calculation are shown in Table 4 -8. Solids dissolution equivalent to approximately 11.1 in. of tank 241-C-106 sludge has occurred through completion of sluice batch 3.2.9.
The data used for calculating dissolved solids includes the measured tank 241-AY-102 liquid level and sediment level at the time of the maximum sediment level for a batch. Additionally, the tank 241-AY-102 supernatant density following each batch is obtained from either grab sample results when available or ENRAFTM densitometer density profiles. The last parameter, predicted tank 241-AY-102 supernatant density, is obtained from a spreadsheet model assuming only simple mixing occurs when the two wastes are combined. The calculations for this spreadsheet are included as Table 4 -9.
The negative solids dissolution value for batch 1.1.1 is an artifact of the simple mixing model. At the start of sluicing operations, the density of the supernatant in tank 241-C-106 is substantially higher than the supernatant in tank 241-AY-102 (1.17 g/mL versus 1.024 g/mL, respectively). However, one assumption in the model is that the sluicing process results in ideal mixing of the liquid phases and that the initial supematant pools from both tanks are fully mixed during the first batch. Not enough waste is transferred between the two tanks during the first batch for the supernatants to become fully mixed. This results in an actual supernatant density lower than that predicted and, consequently, the negative dissolved solids result.
The volume of tank 241-C-106 sludge transferred resulting from solids dissolution is combined with the sediment level increase data of Section 4.3 to arrive at an estimate of the total volume of sludge transferred. 
.O MASS TRANSFER RESULTS
Section 4.0 presented the results of calculation for the amount of sludge removed from tank 241-C-106 for each sluice batch using the four methods described in engineering procedure HNF-SD-WM-PROC-021, Section 15.0, Rev. 3, sub-section 4.4, "Calculation of Sludge Transferred." These results are evaluated and combined to obtain a best estimate of the volume of sludge removed from the tank through sluice batch 3.2.9 completed on October 6, 1999. The sludge volumes are presented in terms of equivalent tank inches with one inch representing 2750 gallons.
FINAL SLUDGE VOLUME REMOVED FROM TANK 241-C-106
A final mass transfer volume of 67.8 in. as of October 6, 1999 is given in Table 5 -1. The amount of sludge transferred by September 30, 1999 is 67.6 inches. The final amount of sludge removed from tank 241-C-106 is determined by averaging the mass transfer determined from the mass flow meter with the mass transfer determined from the sedimentidissolved solids methods. Of the 197,000 gallons (71.6 inches) of sludge originally thought to he stored in the tank before the start of sluicing, removal of 67.8 inches represent approximately 95 percent of the initial volume. However, the initial volume of 197,000 gallons was found to be overstated by approximately 5,000 gallons which increases the sludge recovery to 97 percent (see Section 5.2).
The amount of sludge removed from tank 241-C-106 that is based on the mass flow meter shown in Table 5 -1 is adjusted from the volumes given in Table 4 -1 to account for the recycle of solids in the sluice stream during batches. The total when adjusted for six percent recycle reflects a mass transfer value of 70.7 inches through batch 3.2.9 which was completed on October 6, 1999. Of the 71.6 inch sludge volume thought to be stored in the tank at the start of sluicing, removal of 70.7 inches represents approximately 99 percent of initial volume.
Combining the sludge transferred based on the sediment level results with sludge transferred based on the dissolved solids results in an estimate of the total sludge removed from tank 241-C-106 equivalent to 64.9 inches through batch 3.2.9. This amount of sludge removed differs from that estimated from the mass flow meter by approximately nine percent. Of the original 71.6 inches of sludge stored in the tank, removal of 64.9 inches represents approximately 91 percent of the initial volume.
As was reported in Bailey 1999, the ENRAFTM densitometer profile method for determining the amount of sludge transferred was found to give inconclusive results. This conclusion was again confirmed following the removal of four feet of sludge (Allen 1999b) . Consequently, the ENRAFTM densitometer profile method is not used in calculating the total sludge transferred.
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EFFECT OF TANK SPECIFIC DIMENSIONS ON SLUDGE VOLUME REMAINING
The original volume of sludge stored in tank 241-C-106 was estimated to be approximately 197,000 gallons. This volume was based on a measured sludge level in the tank before the start of sluicing of approximately 67 inches above the zero reference elevation and a historically assumed volume of the tank dish-shaped bottom equal to 12,500 gallons. The zero reference elevation is at the top of the dish-shaped bottom. Above this zero elevation, the tank specific volume has historically been assumed to be 2750 gallons per inch of tank height, which is equivalent to the volume of a one inch high cylinder having a 75-ft diameter.
During the latter stages of sluicing, the need arose to understand the volume of waste contained in the tank dish-shaped bottom as a function of elevation above the bottom center of the tank. On reviewing the original construction drawing (CVI 73550, Drawing 2, Rev. 6), the dish bottom was discovered to have a volume of approximately 13,380 gallons instead of the assumed volume of 12,500 gallons. These volumes have been independently verified (Hendershot 1999) .
The tank bottom dimensionally is an inverted dome having a radius of 570 ft with a spherical segment base radius of 33 ft -8 7/8 inches. Additionally, the drawing shows a tank knuckle radius of 4 ft. Consequently, the volume of the tank in the knuckle region (from the tank zero reference elevation to a height of 47.9 inches) is approximately 126,000 gallons instead of an assumed volume of 131,800 gallons (47.9 x 2750). Combined, the original volume of sludge stored in the tank was overstated by approximately 5,000 gallons.
With a starting sludge volume of 192,000 gallons (i.e., 69.8 equivalent tank inches), the final mass transfer volume of 67.8 inches represents removal of approximately 97 percent of the initial sludge volume. Approximately two inches or 5,500 gallons of sludge is estimated to remain in the tank. If this amount of sludge were evenly deposited in the tank bottom, its elevation would be approximately 8 inches above the bottom center of the tank. The actual sludge distribution will not be known until the evaporation of the remaining liquid is complete.
Based on the revised initial waste volume, the mass flow meter would predict that virtually all of the sludge was retrieved, while only 93 percent would be predicted by the sediment level/dissolved solids method. The range of possible sludge volume remaining in the tank is zero to 5 inches. These process data were compared, as appropriate, using the thermal models developed for the sluicing process and the results were reviewed by the WRSS Technical Review Group. The process data was found to support the calculated amounts of sludge transfer through Increment 3.1, Additional details of WRSS Technical Review Group reviews can be found in the appropriate meeting minutes. A final thermal analysis will be performed after monitoring the process data following completion of' sluicing operations.
TANK 241-AY-102 PROFILE, AIR LIFT CIRCULATOR, AND CONCRETE THERMOCOUPLE DATA
The tank 241-AY-102 thermocouple data shows a consistent upward temperature trend throughout the tank. The temperature trend data can be viewed in a series of WRSS process control status reports contained on the Hanford Web at address littp:l/wu?ui.Pnl.eov/wrss/. An example of the temperature trend data; the averaged seven foot, twenty-one foot, and thirty-six foot radius concrete thermocouple data; is included in Figure 6 -1 . The radial location of thermocouples in the tank can be seen in Figure A -1 of the above WRSS process control status reports. The tank thermocouple data have been compared to thermal models of the tank through Increment 3.1 with the resulting conclusion that these upward temperature trends are consistent with the tank 241-AY-102 thermal model projections. This conclusion has been reviewed and concurred in by the WRSS Technical Review Group. HNF-5267 Rev.2
TANK 241-AY-102 MIT THERMOCOUPLES DERIVED SOLIDS LEVEL DATA
The MIT thermocouple and MIT validation probe data can he seen in the WRSS process control status reports contained on the Hanford Web at address littr,:l/wwwi.unl.~ov/wrssl. Figure 6-2 shows the comparison of the ENRAFTM densitometer sediment level data with solids level data derived from MIT data by plotting the intersection of the slopes of the liquid temperature data and the sludge temperature data. The resulting tank level is the elevation of the transition between the thermally convective and non-convective zones in the tank. This interface level in the tank is physically the point at which enough solids have settled to hinder convective heat transfer.
The MIT derived level data shows a higher solids level than the densitometer sediment levels. This is not surprising given the difference in the phenomenon being measured by the two approaches. The MIT detects the convective / non-convective waste interface level. The ENRAFTM detects a preset increase in waste density. The convective / non-convective interface represents a very lightly settled layer of solids which hinders convective heat transfer. These lightly settled solids have a density increase relative to solids free liquid that cannot be sensed by the densitometer.
A review of the MIT and densitometer solids level data shows considerable variation in the differences between the MIT and densitometer reading. After the earlier sluicing batches, both solids levels would increase to a peak and then show solids compaction. The MIT measured levels would then show a greater solids compaction rate after achieving a peak level than the related densitometer measured data. This is interpreted as the lightly settled solids compacting and approaching the densitometer level readings.
Beginning with Increment 2.2 the MIT and densitometer data comparison begins to show a markedly different trend. This trend is characterized by a decreasing slope of the post peak solids level decrease as measured by the MIT. This reduced rate of solids compaction is not detected by the densitometer data until the beginning of Campaign 3. These trends indicate that the solid particles settling in tank 241-AY-102 have either become larger or denser than those transferred by earlier sluicing operations.
Based on the above qualitative comparison, the MIT data supports the sludge volume transfer calculations. The final calculated sludge volume removed of Section 5 is conservative in that the ENRAFTM densitometer sediment measurements only account for the densely settled solids. The top layer of less dense solids, which is apparent from the MIT measurements, is not included in the mass transfer calculations.
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TANK 241-C-106 RISER R-8 AND R-14 THERMOCOUPLE DATA
The tank 241-C-106 thermocouple data shows a consistent downward temperature trend at both of the thermocouple trees located in the tank. As in the case of tank 241-AY-102, the temperature trend data can be viewed in WRSS process control status reports available on the Hanford Web at address http:llwuwi.~~nl.~ov/wrss/. As an example, the R-14 thermocouple tree data are provided in Figure 6 -3. The radial location of thermocouples in the tank can be seen in Figure A -3 of the process control status reports. These data have been compared to thermal models of the tank through Increment 3.1, discussed below, with the resulting conclusion being that the temperatures are consistent with the model projections, Le., the temperature data supports the calculated solids transfer volumes.
TANK 241-AY-102 AND 241-C-106 THERMAL ANALYSIS MODELS
The tanks 241-AY-102 and 241-C-106 thermal analysis models have been compared to the actual process control data from these tanks and the comparison concluded that the actual thermal response of these tanks through Increment 3.1 is bounded by the thermal analysis, i.e., the solids transfer volumes are not inconsistent with the thermal model. The conclusion of the thermal analysis comparison to process data was reviewed and concurred in by the WRSS Technical Review Group.
A final thermal analysis and comparison to process data will be performed after an appropriate monitoring period following the completion of sluice batch 3.2.9
